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-c) FBOST AND LEN- 08 GBOWINOI SPaSOlo IN 
VAEIOUB SECTIONS 08 KENTUCKY. 

By FERDINAND J. WALZ, Profe8m of Meteorology. 

(Re@ before the Kentucky Academy of Sciences, May 5,1917.) 

[Doted: Weather Bureau Ottlce, Louisville, Ky.1 

ABSTRACT. 

In his opwutions the farmer every aeam is confronted with risk8 duc 
to weather and climate. Among the risks that he faces ea:h E~XL~OU are 
those of damage by late frost in Spring, early frost in Fall, and a pos- 
sible shortening of tpe p w i n o  spaon below that needed for the prop:r 
development and npemn o f  his crops. This paper summarizes and 
paesentein the form of tabk and charts the results of a study of the dates 
in Kentuckyof theiapt killingfro3t in Sp5n and fir3tkilling frost in Fall, 
and the length of the growing 8e93on consi%ered as the number of dam 
between the= dates. The record3 of the regular stations of the U. S. 
Weather Bureau, and t h m g f  the coo vative stztions with 20 years or 
more of record, were carefully examint$and analveed, emploving mathe- 
matical m3thoda uaed in the investigation of strtiatics and probabi'iti?. 
Theaverage datesof last killing frost in Spring and fir3t killing frost in 
Fall, the averap number of days in the ,mwing season, and the "stand- 
ard deviations ' from thew averages were com uted for each stat.ion, and 
consequent risks or probabilities determinecf 

INTRODUCTION. 

In  farming operations the farmer every season is 
confronted with certain climlttic and weather risks. 
Therefore to be successful he should study thc climatic 
condit.ions of his section, and in some degree at; least 
know the risks that come to him from climatic causes in 
the raising of .my crop. Favorable and unfnvore.blc! 
weather conditions are of the gresbest importmice to 
him at all times. 

the risks that he faces each S C L ~ L ~ ~  is that of 

This paper presents a summary of the results of a study 
of the dates of the last killing frost in Spriilg ani1 the first 
killing frost in Fall, taken from the records of the 
various cooperative and other Weather Bureau stations 
that have been maintained in this State, espPci:iUp those 
having a record of 20 years or more. 

The cooperative observers me sup lied with United 
States standard thermometers, whic1 are esposed in 
standardized instrument shelters. The shelter is usually 
placed over sod with its bottom a1)out 4 feet abovu 

und, brin ing the instruments in the shelter to about- 

Frost being the moisture of the air condensed at 
freezing temperature on plants or other ob'ects near the 

which frost ap ears must therefore necessarily be at or 
below 32" F. 8 n  clear, quiet nights, which are favorable 
to the formation of frost, the air at  the surface of the 
earth is usually colder than in the thermometer shelter 4 
feet or more above the ground, the colder heavier air 
eettling to the lowest point. Also, radiation is greater 
from a plant surface and from the ground than from the 
interior of the shelter. Under such conditions, there- 
fore, temperatures within the shelter-and these are the 
temperatures commonly recorded b our observers-are 

med surfaces where frost forms. Obviously, then, 
h n g  frosts might occur when the air temperature 
within the instrument shelter is 35" to 88°F. Regardless 
of whether or not the temperature in the shelter re ister 
gs low as 32"F, the Weather Bureau observer r e c o d  the 
occurrence of frost in accordance with the following 

Amon 
damage % y late frosts in Spring and early frosts in Fall. 

E height o B the eye of the average man. 

surface of the earth, the temperature of t h e surface on 

necessarily several degrees higher t E an those at the ex- 

instructions, quoted from Iptructions to Voluntary 
Observers, 1915, page 25, section 60: 

Frost.4ccurrence of first and 1 s t  frost of the growing sewn should 
be s ecially noted. 

TRe terms descriptive of frost will be aa followa- 
Light, to indicate a frost that haa no destructive effect, although 

tender plants and vines in exposed places may be iniured. Hmq. to 
indicate a frost that in itself is severer than a 11 ht frost-that M, the 
deposit of frost is heavier and the temperature h l s  to a lower point, 
although the staple products of the locality may not have been generelly 
destroved. Killini, to indicate a frost that is nerally deetructive 
of vegbtation and the staple products- of the loma&. 

Harmonizing of .frost records. 
In (nisking) this study frost records of the various 

stations were carefully examined and harmonized with 
the minimum temperatures, general weather conditions, 
precipitation, frost at neighboring stations, maximum 
temperature of day previous, location of station and its 
elevation, and the topography of the country. The 
fro.it. records of d l  stations for each year were studied 
toget,her and carefully charted to hmmonize them as far 
:IS possible. Whenever the temperature was 32" in 
Spring and no killing frost was reported afterward, that 
date mas taken as the last killing frost of the season. 
Also. in Fall the occurrence of the first tem erature of 

provided no record of killing frost had been made revious 

Fassig namely that Fall records of first killing frost 
are more nccurate and reliable than Spring records of 
last killing frost., because an observer is more apt to npte 
and record t.he first occurrence of an event of thm lund 
than he is the last occurrence, unless the last occurrence 
is unusuidly pronounced. 

The records have been studied and analyzed, employ- 
ing mathcmRtica1 methods used in the investigation of 
statistics and probabilities. The average dates of last 
killing frost in Spring and first killing frost in Fall have 
boen csrefully computed; also the standard devisbion.' 

Average M normal condition. 
Beside the usual units of measure of the elements 

that constitute climate, such as dagrers of temperature, 
inches of prccipitation, mdes p x  hour for wind move- 

3rcentags of cloudmss, etc.! it is found necessary 
~ ' ~ k $ h s h  some msasure or condition of each element 
as a base of pfference with which to compare the many 
.irregular varlatlons in the actual observation of .these 
elemants. Tile base of refereace usugy  chosen IS the 
average or normal condition, determmed by. reduc-m 
the recorded valus  of the element to an arithmetica 
mean. This average does not express the usua l ,p~  even 
expected condition; also rare1 is it the conhtlon of 

asis for determinmg the general character of ap element 
in any locality, m tnat it is a value about whch actual 
values fluctuate. To convey a defh te  idea of the real 

33°F. was taken us the date of the first ki P ling frost, 

l o  t h t  date. An interesting fact is brought out g y Prof. 

4i 
r a t e s t  frequency. But i t  d oes afford a convenlent 
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character of a locality as regards an single climatic 

must necessarily be attended by additional information 
as to the magnitude and frequency of departures from 
that average. 

Standard d d o n .  

A measure of the dispersion or variation of the indi- 
vidual observations in any series of observations or data, 
from the aver-age or mean value, is sup lied in the 

which locate the points on a normal frequency curve 
where the curvature changes from convex to concave; 
that is, points of inflection (see C. F. Marvin, op. cit.). 

In the method of least squares thp valurb of the standard 

the standard deviation; Ex* the sum of the squares of the 
departures from the true mean, and n the to td  number 
of observations. In  practical calculation the formula as 
modi6ed by Prof. Marvin is preferable. This formula is 

(r = ~ $ ’ - ( ~ ~ ,  where [x] is the algebraic sum of the 
departures taken from a convenient base number-usually 
the average taken to the nearest whole number-and 
[z2] is the sum of the squares of these de artures. The 

computed by means of this modified formula. 
Values of the ratio of any departure, 2, to the standard 

deviation for assumed frequencies of z (espreyed in per- 
centage) were taken from the article by S lllman and 

of the normal frequency or probablllty of the occurrence 
of an event. 

element, a statement of the average v J ue of the element 

“standard devlation” or those values of t E e departure 

deviation is given by thc foimuln.u= 

standard deviations given in the tables R erewith mere 

others (loc. cit.), the average interv?! being t R e reciprocal 

These vduea are given in the following table: 
TABLE 1. 

a y e a r s i n 5  ........ [ a 0.25 

1 :  
1 y e s r ~ 5  i 5 

1 yearin20 ........ 1 20 1.82 

......... 0.1 ......... 0.67 
0. I(( 

1 year in 3 
1yearin4 

1 year in 10 ........I 10 1.B 

I 

......... 

chmce of frost. 
-- 

Per emit. 
60 ................................................ 
40 ................................................ 
SB) ............................................... 
15 ................................................ 
90 ................................................m 
10 ................................................ 
8 ................................................ - 

The chance of frost occurrence, b the theory of rob- 

in MONTHLY WEATHER REVIEW, September, 1916, page 
611. 

ability, is given in the following ta g le from W. G. s e e d  

Chance 
of de.ty.  - 
Pcr cmt. 

50 
8 

75 

90 
95 

.. - ... ___ __  
i 

Sprhg. ’ Ball. i 
Data I , Dale. 

RISK OF DESTRUCTIVE FROST IN KENTUCKY. 

As a rule the risk of a destructive frost is not so great 
for farmers in Kentucky as it is for those in many other 
States, particular1 in those States farther north and in 
those farther souti. In  Kentucky most of the principal 
crops are usually planted after the avera e time of killing 

the average tatre of killing frost in Fall, the eriod be- 

the growing and mat.uring of most of the staple crops. 
Occasionally, however, favorable conditions in Spnng 
lead to early planting and the consequent risk of damage 
from spring frost; %am, unfavorable coilditions of weather 
or soil delay planting, which in turn increases the risk of 
dimage from ai1 early fall frost. I11 Kentucky. killing 
frosts in S ring refer chiefly to damage to fruit, straw- 
herrics, anc P early garden truck-corn ttnd tobacco being 
usually not yet planted. In the Fall damago from kill- 
ing frost refers almosta ent,irely t.0 corn and t,ohuc.co; its 
occurrence usually ends the smsoii for thoscr crops. It, 
a d  infrequently happens, however, ns WAS the case dur- 
in t,he pwt two years, that these crops w e  matured and 
we 9 1 out. of danger before the occurrence of the first freez- 
ing temperature or of dest.ructive frost.. It should be 
reco nieed that the farmer should know and heed the 

dnmagc. by frosts: both in Spring nrid Fall. 

frost in Sprin , and they mature or a.re % arrested before 

tween these dates usually being of sufficient P ength for 

.risk I e runs and the chnces he takes from probable 

LENGTH OF THE OHOWING Slr.ASOE. 

The length of t.he growing senson, or the period of 
safet for laiit growth, is generally considered to be the 

last killin frost in Spring and that of the first killing 

season as usually determined is the number of a s b e  
tween the average date of the last killing frost in B pri 
and the average date of the first killing frost in F Z  
Inathis study the leneh of the growing season 
with the above definition, but the 
growing season was computed by 
number of days between the date 
first killing frost. in each season and taking the mean. 

As the chance of safety from killing frost in Spring is 
50 per cent when the average date of last killing frost 
arnves, and also the chance of safety in Fdl is 50 per 
cent when the average date for fii& killing frost arrivea, 
the chance for safety for the days between these dates 
is -x----. or only 25 per cent--a chance that could 
not reasonably be taken for crops requiring the full grow- 
ing season to mature. The len th of a growing season 
that has only a 20 per cent risf, or one that is practi- 
cally sure in four years out, of five, was therefore com- 
puted. (See Table 2 and fig. 4.) Such a growing season 
is obviously the same as one in which the risk from kill- 
ing frost in Spring is 10 per cent, and the risk from killing 
frost in Fall is also 10 per cent. 

Tables 3 and 4 and figures 1 to 4, accompanyi 
aper, summarize and bring together in a practica way 

for easy reference results of this frost study. 
The map resented in figure 1 shows that the average 

date of the Fast killing: frost in Snring is latest (Am. 201 

num Z f  er o days in each season between the date of the 

frost in d all; also the average length of the r w i n g  

50 50 
100 100 

Y this 

over the central plat& section i f  &e State, c o m ~ r i s i ~  
the counties from Green, Marion, and Boyle eastward to 
the Cumberland Mountains and the extreme northeastern 

- average date or im :,* m de”&-. 
frost In Fall. 
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FIG. 1.---Nap or Kentucky showing average dates of last killing frost in Spring. 
flenernl altitudes nhnve 8ealerel nre shown by tho mntours for 5M) and ror 1,000 feat (dotted lines). 
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FIG. 3.-Map of Kentucky showing average number of dnys in the growing season, i. e., the number 01 consecutive days free from killing frost. 
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Apr 26 
Apr: 29 
Apr. 27 
Apr. 27 
Apr. 29 
Apr. 23 

counties from Bracken and Fleming to Boyd. This date 
is earliest (Apr. 9 to 12) in the estreme western counties, 
in the counties borderino western Tennessee, and in the 
counties alon the Ohio River as far as up Meade. 

dates of first killing frost (Oct. 13-15) occur over 
tically the same plateau RS the latest avera.ge date o last 
killing frost in Spring; while October 20-23 are t.he aver- 
age dates over most of the Blue Grms region, the counties 
bordering the Ohio River west of Boone County, the 

Figure 2 s K; o m  that in the Fall the earliest average 

Y- 

Mar 25 1912 
Mar' 29'1913 
Mar: 29:1913 
Mnr 25 1912 
Mar: 2r.:1912 
Mar. 25,19lZ 

southern tier of counties, and the extreme western 
counties. 

from 17G to 198 days, closely follows in geo 
tribution t,hat of the average date of first kil 'ng frost in 
autumn. 

The range of the number of days in the growing seasen 
for each stat,ion probable four ears in five, given 111 
Table 4, iiiny reasonably be talen as typical of the sec- 
t.ion in which the station is located. 

The average length of the growing season, rphc dl.9- 

Ballard.. . .. . . . . 
Hopkins.. _. . .. . 
Christian _....... 
Crittenden . . . . . . 
Dsriess ......... 
M C C d e n . .  . . . . 

TABLE 3.-Pr0aaailitiea of last killing frost in 8pring in Kentucky. 

Fed. 
445 
%!!I 
524 
571 
4i9 
341 

Stat im.  

Clinton.. . . ._. . . 
Jefferson.. . . . . . . 
Nelson _._....... 

Wcstrm dlsiaim. 

Hlandrille . - . . . . . 
Earlinston.. . . . . . 
Hopliinsvllle.. . . . 
Marion.. . . . . . . . . . 
Owcnshoro.. . . . . . 
Padlirah . . . . . . . . . 

Central division. 

Alpha.. . . . - -. . . . 
.4nchor*e. . . . . . . 
Bardstown. . . . . . . 
Bowling Green.. . 
Edmonton -. . . . . . 
Eulmnk.. . . . . . . . . 
Pranklort . . . . . . . . 
Franklin. . . . . . . . . 
Greenshurg.. . . . . 
Irvington . . . . . . . . 
Leitrh Add. . . . . . . 
Lexington - - . - . . . 
Loretto.. . .. . . . . . 
Louisville. . -. . . . . 
St. John ___.._ .. 
Srott . . . . . . . . . . . . 
Shelbv City.. . . . : 
SheIb>ville.. . . . . 
&&rn division. 

811 
7110 
6'7 

Maysville . . . . . -. . 
Mlddlesborq. ..... 
Mount Sterling.. . 
Richmond . . . - -. . 
Wllliamsbirg . . . . 

Mctralfe . . . . . . . . 
Piilaski.. _.... .. 
Franklin.. . . . . . . 
Bimpaon _.._.... 
Green.. . . . . . . _. . 
Rreckenridge.. . . 
Grayson __.___.. 
Fayette.. . . . . . . . 
Mluion.. . . . . . . .. 
Jefferson. . . . . . . . 
Hardin.. . . . -. . . 
Kenton.. . . . . . . . 
Royle.. . . . . . . . . . 
Shelby.. . . . . . . . . 

Mason .......... 
Bell _.._.___.___. 
Montgomery -. . . 
Madison ..______ 
Whitley .._...__ 

1,1i7 
560 
go1 
51  
646 
R3.5 
9s9 
!Sl a25 
7i7 
9WJ 

1,057 
$26 

521 
1,12S 

930 
928 
939 

May 7 
hpr. 30 
Apr. 29 
Apr. 30 
Apr. 29 

Mar. 30:lgli 
Mar. 30 191: 
Apr. 4:lW 

m q t l  
of 

erord. 

rmrs. 
23 
24 
21 
23 
20 
21 

23 

3 
21 
24 
22 
21 
23 
24 
M 
21 
2!? 
2n 
40 
21 
20 
24 
24 

2a 

21 
2.1 
24 
23 
2c 

hwrage 
date 

AI. 

Apr. 10 
Apr. 15 
Apr. 12 
Apr. 12 
Apr. 12 
Apr. 9 

Apr. 13 
Apr. 1s 
Apr. IS 
Apr. 16 
Apr. 19 
Apr. 22 
Apr. 14 
Apr. 12 
.4pr. 2!l 
Apr. 12 
Apr. 15 
Apr. 16 
Apr. 19 
Apr. 111 
ApI. 17 
Apr. 1s 

Apr. 17 
-4pr. 21 

-4pr. 21 
Apr. 16 
Apr. 15 

Apr. 15 
.\PI. 15 

Stand- 
ard d e  
viation 

U#. 

9.2 
R. 2 
8. 8 
9.1 
9.5 
8.5 

7.5 
8. 0 

10.4 
9.3 
8. 9 
8. 5 
9.1 s. 4 
s.7 
9.1 
9.1 

i. R s. 9 
9. i 
5.8 
9.1 
R 1 

in. 0 

10.0 
8.0 
b 5  
S. 5 
s. 2 

Even 
chance. 

Apr. i n  
Apr. 15 
Apr. 12 
Apr. 12 
Apr. 12 
Apr. 9 

Apr. 13 
Apr. IS 
Apr. IS 
Apr. 16 
-4pr. 19 
Apr. 22 
Apr. 14 
Apr. 12 
Apr. 21J 
Apr. 12 
Apr. 15 
Apr. 16 
Apr. 19 
Apr. 10 
Apr. li 
Apr. 14 
Apr. 21 
Apr. 17 

Apr. 21 
Apr. 18 
Apr. 15 
Apr. 15 
Apr. 15 

Probalde latest dates 01 killing frost in Spring. 11 Actual data of last killing 
frosts in Spring. 

2 vears 
in 5. 

Apr. 13 
Apr. 17 
Apr. 14 
Apr. 15 
Apr. 15 
hpr. 12 

Apr. 15 
Apr. 21 
Apr. 21 
Apr. 19 
Apr. 22 
-1w. 25 
Aiir. 16 
Apr. 14 
Apr. 22 
Apr. 15 
Apr. 1s 
Apr. 19 
Apr. 21 
Apr. 12 
Apr. 20 
Apr. 20 

-4pr. 19 
Apr. 24 

Apr. 24 
Apr. 18 
Apr. 18 
Apr. 1 X  
Apr. 1i 

1 yenr 
in 3. 

Apr. 15 
Apr. 19 
.4pr. 17 
dpr. 17 
-4pr. 17 
Apr. 13 

Apr. 17 
Apr. 23 
Apr.. 23 
Apr. 21 
Apr. 24 
Apr. 26 

Apr. lti 
Apr. 23 
Apr. 17 
Apr. 2n 
npr. 21 

Apr. 14 
Apr. 22 
Apr. 21 
Apr. 26 

-%PI. 19 

ApI. 28 

Apr. 21 

Apr. 313 
.4pr. 20 
Apr. 10 
Apr. 20 
Apr. 16 

1 year 
in 4. 

Arr. 17 
Apr. 21 
hpr. 18 

Apr. 19 
.4pr. 15 

Apr. 14 

hpr. 1% 
Apr. 24 
Apr. 25 
Apr. 23 
hpr. 15 
Apr. 2s 
Apr. 21 
Apr. 1S 
Apr. 26 
Apr. 1s 
Apr. 21 
hpr. z3 
Apr. 25 
Apr. lti 
.4pr. 2.1 
Apr. 22 
Apr. 28 
Apr. 23 

Apr. 2s 

Apr. 21 
Apr. 21 
Apr. 21 

-4pr. 22 

Apr. 1s 
-4pr. 22 
-4pr. 20 
Apr. 20 
.4pr. 20 
Apr. 10 

Apr. 20 
Apr. 26 
Apr. 2 i  
.4pr. 2.4 
.4pr. 27 
Apr. 3 
.4l>r. 22 
Apr. 19 
Apr. 2s 
Apr. 20 
Apr. 23 
I p r .  2.5 
.\pr. 26 
Apr. 15 
-4pr. 35 
bpr. 28 
bpr. 29 
Apr. 24 

Apr. 30 
dpr. 23 
Apr. 22 
Apr. 13 
Apr. 22 

1 year 
in 10. 

Apr. 22 
Apr. 26 
Apr. 24 
.4pr. %t 
Apr. 25 
Apr. 20 

Apr. 1 

Yay 2 

May 3 
Apr. 26 

Apr. 21 
Apr. 27 
.1pr. 29 
Apr. 29 
-4pr. 21 
Apr. 30 
Apr. 25 
May 3 
Apr. 2S 

hpr. 29 

2; 2; 
2i 2; 

z. A 
~ p r .  211 
Apr. 27 
Apr. 2G 

Earliest date 
on record. 

A r. 30 Mar. 29,1913 

A r. 25 ?&I: 25:lS:R dy 3 Mar. 29.1913 
A r !B Apr. 8,1899 
?& 6 Apr. 5 191% 
May 1 Apr. 5:1903 

dy May 3 2 hIsr A r' 29 5'1903 1913 

Latest date 
on record. 

May 15 1910 
Map 3'1911 
May 15:1895 
May 2'1909 
May 2:1909 

i , 
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